Full article available online at Healio.com/Orthopedics Arthrofibrosis after total knee arthroplasty (TKA) is a potentially devastating complication, resulting in loss of motion and function and residual pain. For patients in whom aggressive physical therapy and manipulation under anesthesia fail, lysis of adhesions may be the only option to rescue the stiff TKA. The purpose of this study is to report the results of arthroscopic lysis of adhesions after failed manipulation for a stiff, cruciate-substituting TKA. This retrospective study evaluated patients who had undergone arthroscopic lysis of adhesions for arthrofibrosis after TKA between 2007 and 2011. Minimum follow-up was 12 months (average, 31 months). Average total range of motion of patients in this series was 62.3°. Average preoperative flexion contracture was 16° and average flexion was 78.6°. Statistical analysis was performed using Student's t test. Pre-to postoperative increase in range of motion was significant (P<.001) (average, 62° preoperatively to 98° postoperatively). Average preoperative extension deficit was 16°, which was reduced to 4° at final follow-up. This value was also found to be statistically significant (P<.0001). With regard to ultimate flexion attained, average preoperative flexion was 79°, which was improved to 103° at final follow-up. This improvement in flexion was statistically significant (P<.0001). Patients can reliably expect an improvement after arthroscopic lysis of adhesions for a stiff TKA using a standardized arthroscopic approach; however, patients achieved approximately half of the improvement that was obtained at the time of surgery.
T otal knee arthroplasty (TKA) has become one of the most successful orthopedic surgeries performed today. The survivorship of TKA exceeds 90% at 10 to 15 years in many studies reported in the orthopedic literature. 1, 2 Despite this success, a subset of patients continues to develop arthrofibrosis after TKA. 3, 4 Stiffness of a TKA is often accompanied by discomfort, a decrease in function, and dissatisfaction with the surgical procedure. The overall incidence of arthrofibrosis after TKA has been reported to be between 8% and 12%. [5] [6] [7] Biomechanical studies have shown that patients require a certain range of motion (ROM) for activities of daily living: 67° for the swing phase of gait, 83° for stair ascension, 100° to descend stairs, and 93° to rise from a standard chair. 8, 9 For this reason, attainment of functional motion after TKA is critical to return patients to independent living. This success largely depends on early detection of stiffness, a defined and successful treatment algorithm, and appropriate pain management. [10] [11] [12] Oftentimes, patients who are identified early (within 6 weeks) as having a painful and stiff TKA undergo a manipulation under anesthesia. Manipulation has shown good results; however, patients are most likely to benefit from this modality in the early postoperative period. 5, 6, 13 Patients in whom this treatment and a course of postoperative therapy fail pose a significant challenge to the treating physician and are candidates for arthroscopic lysis of adhesions. The purpose of this study was to determine ROM outcomes in patients who underwent arthroscopy for lysis of adhesions and who (1) underwent primary cruciate-substituting TKA for idiopathic osteoarthritis of the knee, (2) developed a stiff and painful TKA that limited their activities of daily living, and (3) underwent a failed course of physical therapy and manipulation under anesthesia. This case series represents the largest to date in the orthopedic literature reporting the outcomes of patients after arthroscopic lysis of adhesions for a stiff TKA.
Materials and Methods
The authors performed a retrospective, institutional review board-approved study of 39 patients who underwent arthroscopic lysis of adhesions for a stiff TKA. Patients were candidates for inclusion if they (1) underwent a primary cruciatesubstituting TKA during the study period (2007-2011) by a single joint replacement surgeon, (2) developed arthrofibrosis (defined by a dense fibrous scar around the knee joint with tight lateral and medial retinaculum and patellar hypomobility on clinical examination and a decrease in ROM that affected activities of daily living, (3) had adequate ROM data during follow-up, and (4) underwent a failed knee manipulation under anesthesia and extensive physical therapy. Patients who were stiff secondary to acute or chronic infection, malalignment, or incorrectly sized components were not included in this cohort. All patients underwent the arthroscopic lysis procedure by 1 of 2 fellowship-trained sports medicine surgeons (B.S.T. and M.D.P.). Patients were routinely monitored postoperatively until their ROM reached a plateau. The ROM measurements obtained at the last postoperative follow-up were used as the final ROM achieved by the patient. Measurements (taken with a standard goniometer) were ascertained from the medical record and compared with therapy measurements for accuracy. All final measurements were made by a single observer who performed the primary TKA but did not perform the lysis of adhesions.
The 39 patients (21 women and 18 men) included in this analysis represent 0.8% (39 of 4665) of patients who had undergone TKA during the study period and are a subset of 4% (186 of 4665) of patients who underwent manipulation under anesthesia. Average age of the patients in this series was 63 years, and average time between arthroscopy and TKA was 224 days. Minimum length of follow-up was 12 months (average, 31 months). Twenty-one right knees and 18 left knees were studied. Average total ROM of patients in this series was 62.3°. Average preoperative flexion contracture (or loss of extension) was 16°, and average flexion was 78.6°. Three patients in this series received their care from a worker's compensation claim (Table) . Statistical analysis was performed using Student's t test for pre-and postoperative group comparison.
surgical technique
During arthroscopic release, the patient is administered general anesthesia so that full muscle relaxation is achieved. The authors routinely use a femoral nerve block to assist with pain control in the postoperative period and to allow a transition to early motion in the home setting. A tourniquet is applied to the affected limb but not inflated unless excessive bleeding is encountered. After sterile preparation, the porthole sites are injected with 1% lidocaine with 1:200,000 epinephrine for hemostasis and pain control. Standard anterolateral and anteromedial portholes are established if the knee can be adequately flexed (60° and beyond). Accessory superolateral and superomedial portholes are also made to assist with release of the medial and lateral gutters of the knee. If the knee cannot be flexed fully to accommodate porthole placement, a gentle manipulation can be performed or the knee can be entered from a superolateral porthole. A superolateral outflow portal is also made for the egress of arthroscopy fluid.
The arthroscope is first placed in the intercondylar notch, and an anterior interval release is performed with a radiofrequency device (Vapor; Mitek, Raynham, Massachusetts). Care is taken to not excessively debride the fat pad because this can promote postoperative scarring and cause excessive bleeding. The anterior tibial component is released from all anterior scar tissue, and the patellar tendon is freed from the anterior aspect of the tibial component. This can be taken well below the joint line to remove any adhesions that may contribute to patella infera and peripatellar scarring. The adhesions are then released all the way to the medial porthole entrance that was initially created. Next, the patellofemoral joint and the suprapatellar compartment are assessed. The suprapatellar recess is entered, and a 4.5-mm full-radius resector is used to clear the scar from the suprapatellar pouch. The arthroscope is first placed in the lateral porthole, and the instruments are used in the superomedial porthole.
Attention is then turned to the lateral gutter. The lateral gutter is debrided with the shaver, and a lateral release can be performed to promote patellar mobility (as necessary to allow for 2 to 3 quadrants of medial patellar glide). The release is carried down from the superior lateral border of the patella to the lateral porthole that was previously created. The release can be performed with the arthroscope in the superolateral porthole and the radiofrequency device in the lateral porthole, or standard viewing portholes can be used. After adequate lateral release, the medial gutter is debrided and a medial release is performed in a fashion similar to the lateral compartment (again, as needed to promote patellar mobility). The debridement of the gutter is carried down along both femoral condyles until the polyethylene and base plate junction are reached. Care is taken to not destabilize the polyethylene insert.
At this point in the procedure, the arthroscope is placed in the medial porthole, and the scar overlying the lateral porthole and lateral femoral condyle is debrided similarly to the medial side. After complete superior, anterior, medial, and lateral release, the knee is assessed for flexion, and gentle manipulation is performed. If flexion is still inadequate, the quadriceps muscle is released from the anterior aspect of the femur through the suprapatellar porthole with complete skeletonization of the anterior femur. An arthroscopic n Feature Article periosteal elevator or the radiofrequency device can be used for this purpose.
In patients with a posterior cruciateretaining TKA, a posterior medial porthole can then be made with the knee in flexion, and a posterior transseptal lateral porthole can be obtained to assist with posterior debridement. 14 No patients in the current series underwent posterior release, and all flexion contractures were relieved intraoperatively with gentle manipulation and anterior, superior, and medial/lateral debridement. Final motion is assessed in terms of patella glide, flexion, and extension of the knee.
Postoperatively, patients are managed according to the specific deficits that were encountered in the preoperative examination. Patients with primarily extension deficits are placed in a long leg cast or dynamic extension splinting in as much extension as possible, with the anticipation that serial casting may be warranted. Patients with primarily flexion deficits are managed with continuous passive motion and immediate referral to outpatient therapy for aggressive passive and active ROM and stretching. Patients with global deficits are managed with a hybrid treatment regimen consisting of aggressive outpatient therapy and continuous passive motion to assist with flexion and passive night splinting or drop-out casting.
results
All patients in this series demonstrated an increase in ROM. As mentioned, average preoperative ROM was 62°. Average ROM achieved intraoperatively was 129°. At final follow-up, average ROM had decreased to 98°. The difference between pre-and postoperative ROM was statistically significant (36° difference; P<.0001). Average preoperative extension deficit was 16°. After arthroscopic release, average intraoperative extension deficit decreased to 1°. At final followup, average extension deficit (or flexion contracture) was 4°. This value was also statistically significant (12° difference;
P<.0001).
Regarding ultimate flexion attained, average preoperative flexion was 79°. Average intraoperative flexion achieved after arthroscopic release was 130°, which decreased to 103° at final follow-up. The difference between preand postoperative flexion was statistically significant (24° difference; P<.0001). There was no difference between men and women in this cohort regarding pre-and postoperative ROM, and the patients with worker's compensation claims fared just as well as the group overall.
There were no intraoperative complications in this series (complications evaluated: deep venous thrombosis, infection, periprosthetic fracture, polyethylene loosening, and nerve or vascular injury). One patient required a resection TKA secondary to a late infection. This was not felt to be secondary to the arthroscopy because the resection for infection occurred more than 6 months from the arthroscopic procedure. One patient ultimately underwent a revision TKA for persistently poor ROM and dissatisfaction. Five patients achieved a poor clinical outcome (flexion less than 90° and flexion contracture more than 10°). The remainder of the patients in this series met criteria for a functional knee ROM and declined further treatment.
discussion
The etiology of stiffness after TKA is multifactorial. Preoperative risk factors may include poor preoperative ROM, indications for surgery (inflammatory arthropathy vs osteoarthritis), and prior knee surgery. [15] [16] [17] Intraoperative factors that contribute to a stiff TKA may include overstuffing of the patellofemoral joint, inadequate sizing of the components, improper balancing during bone resection, inadequate resection of osteophytes and contracted capsule, and failure to recreate normal tibial slope. 18, 19 Postoperatively, patients may develop stiffness secondary to infection, arthrofibrosis, heterotopic ossification, inadequate rehabilitation (eg, excessive pain or poor compliance), and complex regional pain syndrome. 20, 21 Treatment of knee stiffness after TKA requires proper identification of the cause and targeted therapy. In patients in whom no obvious cause is present, the diagnosis is typically that of arthrofibrosis, a progressive scarring of the joint that is thought to be secondary to fibroplasia. 22 In the current study, the authors sought to exclude patients with identifiable causes of arthrofibrosis or knee stiffness (pre-and intraoperative factors that might be better suited for revision TKA) and focus on a patient cohort that developed idiopathic, excessive scarring after primary TKA. In this way, a homogeneous patient population could be studied to evaluate the efficacy of arthroscopic lysis. In addition, all of the patients in this cohort underwent a failed initial trial of physical therapy and manipulation under anesthesia, a technique that has shown variable success rates in the literature, with increases in flexion ranging from 17° to 42°. 6, 15, 23 Fitzsimmons et al 13 performed a systematic review that demonstrated equal results with manipulation under anesthesia alone vs manipulation under anesthesia in combination with arthroscopy. However, when manipulation performed in isolation fails, there is little alternative short of revision TKA. In the absence of malaligned or improperly selected implants, arthroscopic or open lysis offers an alternative solution that may improve outcome. Arthroscopy offers the benefit of a minimally invasive technique with low morbidity and low risk of additional scar formation.
In the literature, the results of arthroscopy have been mostly favorable; however, the majority of studies are in a small number of patients. In the only large series reported, Jerosch [25] [26] [27] [28] In the current series, average total ROM increased from 62° preoperatively to 98° postoperatively, a 36° increase overall. Average flexion increased 24°, and average flexion contracture decreased 12°. The overall incidence of arthrofibrosis in the TKA population during the study period was 4%, which is slightly less than the incidence found in other studies. Of the patients who underwent manipulation, only a small number (39 of 186; 21%) ultimately required an arthroscopic procedure, further narrowing the study population. The current group of patients represents the most difficult TKA patients with arthrofibrosis.
This study has several strengths. The inclusion of only a select group of patients in whom manipulation under anesthesia failed further strengthens the conclusion that arthroscopy is an effective treatment for this difficult patient population. In addition, detailed ROM data demonstrated improvement not only in the flexion achieved, but also in the extension deficit. The results demonstrate that, on average, patients can expect flexion of greater than 100° with a minimal flexion contracture (less than 5°) after arthroscopic lysis of adhesions. This allows for a ROM compatible with the majority of activities of daily living.
Despite these strengths, there are limitations to the conclusions that can be drawn. Because this is a retrospective analysis, strong conclusions can only be made on the improvement in ROM. Although the study results are encouraging, there was no adequate control group with which to compare. This makes it difficult to make a conclusive statement about the overall knee function in this patient cohort. In addition, it is possible that a repeat manipulation under anesthesia may have achieved similarly favorable results because the authors did not evaluate their technique relative to an accepted standard of care. However, because none of the patients achieved a desirable result after manipulation under anesthesia, the authors felt that recruitment for a comparative study would be difficult. In addition, goniometer-assessed pre-TKA ROM data were not available. Detailed ROM data were only collected once patients were identified as having postoperative stiffness and were candidates for manipulation and/or arthroscopy. These data could have given insight into the etiology of arthrofibrosis in patients with inherent ROM loss. Despite these limitations, it can be concluded that arthroscopic release is an effective treatment in TKA patients who do not achieve a functional ROM after traditional manipulation under anesthesia.
An interesting finding in this study was the dramatic ROM improvement achieved intraoperatively with arthroscopic lysis and manipulation under anesthesia. Despite this improvement, patients were not able to achieve this ROM independently at final follow-up. On average, patients achieved total ROM and flexion gains that were halfway between their pre-and intraoperative values. This factor has important prognostic implications on the treatment and can be used a general guide when counseling patients during the postoperative period.
conclusion
Arthrofibrosis can be a potentially devastating complication of TKA. In patients who undergo failed manipulation under anesthesia and aggressive physiotherapy, a comprehensive arthroscopic lysis of adhesions using the technique outlined herein can provide a reliable return to a functional knee ROM.
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